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Abstract 

In the paper a switched reluctance rotary-linear motor is proposed. It is mechanically robust, simple to 
construct and easy to operate also in hostile working environment. The stator has a modular design 
compound of three correctly shifted usual 16 poles SRM stators. The rotor is constructed of several 
common 12 poles SRM rotor stacks. The motor is able to ensure both rotating and linear movement. 
The proposed rotary-linear motor machine is expected to be useful in diverse advanced industrial ap-
plications where both linear and rotary motion is required and the space at disposal is small (parts as-
sembling systems, component insertion, electrical wiring, etc.). 

1. Introduction 
In modern industrial environment both rotary and linear movements are required. Such applications 
are the precise parts assembling systems, component insertion machines, electrical wiring equipment, 
etc.). But in many cases, mainly due to space limitations it is difficult to place two motors to ensure the 
two types of motion [1]. For such application the rotary-linear motors are the best solutions. Their use 
is efficient since they do not have complex mechanical structure needing frequent mechanical adjust-
ments. These motors have low manufacturing and maintenance costs at high reliability due to the ap-
plied technology [2]. 
The proposed rotary-linear motor is a direct-driven machine; the mechanical energy is directly trans-
ferred to the load. Thus any mechanical couplers (gears or belts) can be eliminated from the motion 
chain. Other advantages of such motors are their fast response, high flexibility and their drive and con-
trol system may be simple. 
Switched reluctance motors (SRM) were considered as an unpopular choice for high-precision and 
high-speed motion applications, because they were difficult to control and their output had high torque 
ripples. This was due to the fact that the actuator's characteristics were highly dependent on its com-
plex magnetic circuit, which is difficult to model, simulate, and control. But in the recent years a gen-
eral resurge of interest in the SRMs can be widely observed. This is mostly due to the advancement of 
power electronics and digital signal processing, and the continuous trend of "simplifying the mechan-
ics through complex control strategy". It must be emphasized that most of these developments were 
directed mainly towards the rotary SRMs [3]. However also the linear variants of the SRMs were in-
vestigated, mainly due to their very simple construction [4]. 
The paper describes a novel, high performance, direct-driven rotary-linear motion system. The motor 
is based on the variable reluctance principle [5]. Practically it is an efficient combination of a usual ro-
tational SRM and a special linear SRM having several rotor stacks in its mover. It has all the advan-
tages of the already classical SRMs: mechanical robustness, constructive simplicity and relatively 
easy control. 
The proposed machine aims to replace the traditional rotary-linear systems with a higher performance 
and lower cost alternative. 
In the paper the main structure of the proposed rotary-linear SRM and the sequence of the current 
pulses for both the rotational and linear movements are given. Also some details on the machine's de-
sign algorithm are highlighted. The paper also deals with the two dimensional magnetic field analysis 
of the machine's the rotational part. 
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2. The proposed rotary-linear SRM 
The complex iron core structure of the proposed novel rotary-linear SRM in discussion is given in 
Fig. 1. 

 

Fig. 1. The basic structure of the proposed rotary-linear SRM's iron core 

The four-phase stator has a modular design compound of three, correctly shifted, classical 16 poles 
SRM stators given in Fig. 2.  

 

Fig. 2. A cross section of the proposed rotary-linear SRM 

The rotor is constructed of several common 12 poles SRM rotor stacks. Its structure ensure appropri-
ate flux path along the stators, the air-gap and the rotor. The rotor may rotate and also move on its ax-
ial direction.  
Due to its specific movement the motor requires also particular bearings. The linear-rotary bearings to 
be used are designed to permit the shaft to rotate smoothly and with low friction simultaneously during 
the straight line movement. In such bearings the ball track path is of oval shape (for an infinite ball 
flow) and both sides of the straight portion of the path are utilized. Two openings in the retainer on the 
same ball circuit permit balls to contact the shaft and the inner race of the housing in either path, but 
not at the same time. To ensure the circulation of the balls one of the paths must be loaded and the 
other one must guarantee the return path of the balls. This special design of the retainers to rotate 
within the housing and the balls to rotate in any direction allows smooth simultaneous linear and rotary 
motion [6]. 
When rotational movement is required four coils on each stator stack are fed function of the rotor posi-
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tion and the imposed current pulses sequence. In Tab. 1 the sequence of the winding's feeding for a 
clockwise rotation from the initial position shown in Fig. 1 is given. 

Tab. 1. Sequence of the winding's feeding for the rotating movement 

 Step 1 Step 2 Step 3 Step 4 Step 5 
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A1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 
A2 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 
A3 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 
A4 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 
B1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 
B2 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 
B3 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 
B4 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 
C1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 
C2 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 
C3 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 
C4 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 
D1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 
D2 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 
D3 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 
D4 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 

If linear movement is required the proposed motor will work similarly to a linear SRM [7]. The se-
quence of the winding's feeding for a linear movement to the right from the initial position seen in 
Fig. 1 is given in Tab. 2. 

Tab. 2. Sequence of the winding's feeding for a linear movement 

             
 Step 1 Step 2 Step 3 Step 4 

No. of poles 
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A1 0 1 0 0 0 1 1 0 0 0 1 0 
A2 0 1 0 0 0 1 1 0 0 0 1 0 
A3 0 1 0 0 0 1 1 0 0 0 1 0 
A4 0 1 0 0 0 1 1 0 0 0 1 0 
B1 0 1 0 0 0 1 1 0 0 0 1 0 
B2 0 1 0 0 0 1 1 0 0 0 1 0 
B3 0 1 0 0 0 1 1 0 0 0 1 0 
B4 0 1 0 0 0 1 1 0 0 0 1 0 
C1 0 1 0 0 0 1 1 0 0 0 1 0 
C2 0 1 0 0 0 1 1 0 0 0 1 0 
C3 0 1 0 0 0 1 1 0 0 0 1 0 
C4 0 1 0 0 0 1 1 0 0 0 1 0 
D1 0 0 0 0 0 0 0 0 0 0 0 0 
D2 0 0 0 0 0 0 0 0 0 0 0 0 
D3 0 0 0 0 0 0 0 0 0 0 0 0 
D4 0 0 0 0 0 0 0 0 0 0 0 0 
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In the case of rotation the stator which has its poles aligned in the axial direction with the rotor poles 
will develop most of the torque. The other two stator stacks will also contribute to the rotational move-
ment. As they are symmetrically unaligned on the axial direction the axial forces developed by them 
will be equal but of opposite direction, hence their sum will be nil and no linear movement will be pro-
duced. 
When linear displacement is imposed almost all the phases of one module will be fed (excepting the 
coils on the completely unaligned stator poles). The rotor stack will be aligned upon the variable reluc-
tance principle with the energized coils stator's poles. 
Each of the totally 12 phases are connected to a half H-bridge power converter. The phase currents 
are controlled by means of pulse-width modulation (PWM) techniques [8]. 

3. The design of the rotary-linear SRM 
The design of the rotary-linear SRM in discussion follows the classical steps for the rotary and linear 
SRMs [9].  
The sizing of the SRM is started by imposing the: 

i.) rated voltage and current ( NU , NI ),  

ii.) the number of phases and stator stacks (m, stN ),  

iii.) the machine’s rated power ( NP2 ),  

iv.) the air-gap (g)  
v.) the air-gap flux density in aligned position (

maxgB ),  

vi.) the rated speed, torque and efficiency ( Nn , NT , Nη ) 

The design in general terms follows the usual algorithm used for SRMs. Due to lack of space here 
only the key equations are given. 
The design starts with the computation of the machine’s mean diameter, measured in the middle of 
the air-gap [2]: 
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where SQ  and RQ  are the number of stator and rotor poles. The σk  and Lk  are the leakage flux fac-
tor, respectively the aspect factor. sA  is the stator’s electrical loading. 

In this stage of the design the flux densities in different regions of the machine must be imposed. This 
is one of the key issues during the machine's sizing. 
Next the main dimensions of the stator and rotor cores, respectively of the coils have to be calculated.  
A specific attention should be given to the selection of the machine's aspect since the active length of 
the stack imposes the step length during the linear movement.  
The torque to be developed by the machine is given by: 
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After finishing sizing a single stack of the rotary-linear SRM the flux densities in the machine must be 
checked either applying the equivalent magnetic circuit approach, or by means of finite element 
method (FEM) based numeric field computations. 
As the linear movement of the machine is concerned, two main dimensions must be calculated. The 
linear pole pitch ( dt ) is computed by considering the distance between the rotor stacks equal to the 
length of the stator and rotor stacks, respectively. 
The distance between the axes of two neighbored stator stacks can be calculated by using: 
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The losses in the machine can also be computed or analytically or by using field computations [10]. 
Finally the thermal analysis of the machine has to be performed. 
Using the developed design algorithm a sample motor was sized for the following input data: Nst = 3, 
m = 3, 3502 =NP W, 600=Nn r/min, 5.5=NT N·m, ηN = 0.85, 300=NU V (all for the rotational part).  

4. Field computations 
The numeric field analysis performed upon the finite element method (FEM) is the best choice to vali-
date of the machine's design [11]. The Flux 2D program package was used for this purpose. Both 
static and transient analysis was performed for verifying the rotational part of the designed rotary-
linear SRM.  
The flux lines inside the machine and the corresponding flux density color map for a certain position of 
the rotational part of the machine in discussion id given in Fig. 3. 

  

Fig. 3. The flux lines and the color map of the flux density for the rotational part of the machine 

As it can be seen both the flux distribution and the flux density values inside the machine are in 
accordance the expectations. 
The dynamic behavior of the rotational part of the machine was studied using co-simulation tech-
niques by coupling Flux 2D field computation program with the Matlab/Simulink environment [12]. 
This way both the SRM and its power converter are simulated. In Fig. 4 the four phase currents, 
respectively the developed torque versus time plots are given.  
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Fig. 4. The results of the dynamic analysis of the machine 
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Also the dynamic performances of the rotational part of the linear-rotary SRM are as they were ex-
pected during the analytical computations. By improving the control strategy of this part of the ma-
chine the torque ripples can be further reduced. 

5. Conclusions 
The combination of a rotary and a linear movement on the same axis is frequently required in diverse 
industrial systems. For such applications the proposed rotary-linear motor seems to be an excellent 
solution. 
The two dimensional magnetic field analyses emphasized the correct design of the machine's rota-
tional part. As during the linear movement of the machine the magnetic flux has an actually three di-
mensional path obligatory a 3D FEM analysis should be performed, which will be the immediate next 
step in the study of the proposed rotary-linear SRM. 
To work out the complicated control of the well-coordinated compound movement of the machine the 
static characteristics will be computed. These will be integrated as look-up tables in the SIMULINK 
program simulating the complex behavior of the machine. 
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